Crataegus monogyna has been extensively studied due to its various alleged health benefits. This study aimed to determine the human tumour cells growth inhibitory activity of phenolic extracts of its flower buds and fruits in three phenological stages, and further characterize the extracts by HPLC-DAD-ESI/MS. Flower bud extract showed the highest antiproliferative activity as indicated by the lowest GI 50 values obtained in all the tested cell lines: MCF-7, breast adenocarcinoma; NCI-H460, nonsmall cell lung cancer; HeLa, cervical carcinoma; HepG2, hepatocellular carcinoma.
Introduction
Cancer is a leading cause of death worldwide and according to World Health Organization (2010) cancer related deaths are projected to increase to over 11 million in 2030.
Growth inhibition activity in human tumour cell lines
The effects of the extracts on the growth of human tumour cell lines was evaluated according to the procedure adopted in the NCI's in vitro anticancer drug screening, which uses sulforhodamine B (SRB) assay to assess cell growth inhibition (Skehan et al., 1990; Vichai & Kirtikara, 2006) . Four human tumour cell lines were used: MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), HeLa (cervical carcinoma) and HepG2 (hepatocellular carcinoma). Cells were routinely maintained as adherent cell cultures in RPMI-1640 medium containing 10% heat-inactivated FBS (MCF-7 and NCI-H460) or in DMEM supplemented with 10% FBS, 2 mM glutamine, 100 U/mL penicillin and 100 mg/mL streptomycin (HeLa and HepG2 cells), at 37 ºC, in a humidified air incubator containing 5% CO 2 . Each cell line was plated at an appropriate density (7.5 × 10 3 cells/well for MCF-7 and NCI-H460, 1.0 × 10 4 cells/well for HeLa and HepG2) in 96-well plates and allowed to attach for 24 h. Cells were then treated for 48 h with various extract concentrations. The DMSO concentrations used have no growth inhibitory effect in these cell lines (data not shown).
Following this incubation period, the adherent cells were fixed by adding cold 10% trichloroacetic acid (TCA, 100 µL) and incubated for 60 minutes (min) at 4 ºC. Plates were then washed with deionized water and dried; SRB solution (0.1% in 1% acetic acid, 100 µL) was then added to each plate well and incubated for 30 min at room temperature. Unbound SRB was removed by washing with 1% acetic acid. Plates were air dried, the bound SRB was solubilised with 10 mM Tris (200 µL) and the absorbance was measured at 540 nm in a microplate reader (Biotek Elx800). Dose-response curves were obtained for each tested extract and cell line, and the GI 50 value, corresponding to the concentration of the extract that inhibited 50% of the net cell growth was calculated (Vichai & Kirtikara, 2006) . Ellipticine was used as positive control.
Growth inhibition activity in non-tumour cells
A cell culture was prepared from a freshly harvested porcine liver obtained from a local slaughter house, and it was designed as PLP2. Briefly, the liver tissues were rinsed in Hank's balanced salt solution containing 100 U/mL penicillin, 100 µg/mL streptomycin and divided into 1×1 mm 3 explants. Some of these explants were placed in 25 cm 2 tissue flasks in DMEM medium supplemented with 10% fetal bovine serum, 2 mM nonessential amino acids and 100 U/mL penicillin, 100 mg/mL streptomycin and incubated at 37 ºC with a humidified atmosphere containing 5% CO 2 . The medium was changed every two days. Cultivation of the cells was continued with direct monitoring every two to three days using a phase contrast microscope. Before confluence was reached, cells were subcultured and plated in 96-well plates at a density of 1.0×10 4 cells/well, and cultivated in DMEM medium with 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin (Abreu et al., 2011) .
Chemical characterization of the extracts

Analysis of non-anthocyanin phenolic compounds
The extracts were analysed using a Hewlett-Packard 1100 chromatograph (Agilent Technologies) with a quaternary pump and a diode array detector (DAD) coupled to an HP Chem Station (rev. A.05.04) data-processing station. A Waters Spherisorb S3 ODS-2 C8, 3 µm (4.6 mm × 150 mm) column thermostatted at 35 °C was used. The solvents used were: (A) 0.1% formic acid in water, (B) acetonitrile. The elution gradient established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over 8 10 min, 25-35% B over 10 min, 35-50% for 10 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet.
MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by the Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400 ºC, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupols were set at unit resolution.
The ion spray voltage was set at -4500V in the negative mode. The MS detector was programmed to perform a series of two consecutive modes: enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to record full scan spectra to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. Spectra were recorded in negative ion mode between m/z 100 and 1000. Analysis in EPI mode was further performed in order to obtain the fragmentation pattern of the parent ion(s) detected in the previous experiment using the following parameters: DP -50 V, EP -6 V, CE -25V, and collision energy spread (CES) 0 V. 
Analysis of anthocyanins
Each sample (1 g) was extracted with 30 mL of methanol containing 0.5% TFA, and filtered through a Whatman nº 4 paper. The residue was then re-extracted twice with additional 30 mL portions of 0.5% TFA in methanol. The combined extracts were evaporated at 35 ºC to remove the methanol, and re-dissolved in water. For purification, the extract solution was deposited onto a C-18 SepPak ® Vac 3 cc cartridge (Phenomenex), previously activated with methanol followed by water; sugars and more TFA in water, and (B) 100% acetonitrile. The gradient employed was: isocratic 10% B for 3 min, from 10 to 15% B for 12 min, isocratic 15% B for 5 min, from 15 to 18% B for 5 min, from 18 to 30% B for 20 min and from 30 to 35% for 5 min, at a flow rate of 0.5 mL/min. Double detection was carried out by DAD, using 520 nm as the preferred wavelength, and MS using the same equipment described above. Zero grade air served as the nebulizer gas (40 psi) and turbo gas (600 ºC) for solvent drying (50 psi). Nitrogen served as the curtain (100 psi) and collision gas (high). Both quadrupols were set at unit resolution. The ion spray voltage was set at 5000V in the positive ion mode. EMS and ESI methods were used for acquisition of full scan spectra and fragmentation patterns of the precursor ions, respectively. Setting parameters used for EMS mode were: 
Statistical analysis
For each type of sample three independent experiments were performed, and in each of them samples were analysed in duplicate. The results were expressed as mean values ± standard deviation (SD). The statistical differences represented by letters were obtained through one-way analysis of variance (ANOVA) followed by Tukey's honestly significant difference post hoc test (homoscedastic distributions) or Tamhane's T2 test (heteroscedastic distributions) with α = 0.05, coupled with Welch's statistic. All statistical tests were performed with the SPSS v.18.0 software.
Results
Growth inhibitory activity on human tumour cell lines
The effects of the phenolic extracts obtained from hawthorn parts (flower buds and unripe, ripened and over ripened fruits) on the growth of four human tumour cell lines (MCF-7, NCI-H460, HeLa and HepG2), represented as the concentrations that caused 50% of cell growth inhibition (GI 50 ), are summarized in Table 1 . These cell lines were selected because they are well characterized and representative of different tumor cell types, with different tissue origins, being widely used to screen antitumour potential.
The flower buds extract was the most potent in all tested cell lines, presenting GI 50 values that ranged from 63.55 to 88.45 µg/mL for the HeLa and HepG2 cells, respectively. Nevertheless, none of the samples showed toxicity in the non-tumour tested cells (porcine liver primary cell culture; PLP2), since GI 50 values were much higher than those corresponding to tumour cell lines (Table 1) .
Ellipticine, a potent antitumor agent whose mechanism of action is considered to be based mainly on DNA intercalation and/or inhibition of topoisomerase II (Stiborová, Bieler, Wiessler, & Frei, 2001) , was used as positive control. However it should not be considered as standard because it is a pure and synthetic compound. Furthermore, it shows also high toxicity for non-tumour cells. The obtained results for the most active C. monogyna samples were comparable to other natural matrixes also studied by us in the same cell lines (Vaz et al., 2012) .
The characterization of the phenolic compounds present in the extracts was performed by HPLC-DAD-MS analysis, and data of the retention time, λ max , pseudomolecular ion, main fragment ions in MS 2 , tentative identification and concentration of phenolic acids, flavonoids and anthocyanins are presented in Tables 2-4 . As an example, the HPLC phenolic profiles of C. monogyna flower bud (A) and unripe fruit (B) recorded at 280 nm can be observed in Figure 1 . The separation for some minor compounds was not completely effective, hindering their quantification.
Phenolic acids and derivatives
The found phenolic acids corresponded to hydroxycinnamic acid derivatives, namely chlorogenic acids, a family of esters formed between certain cinnamic acids, most commonly caffeic, p-coumaric and ferulic acids and quinic acid (IUPAC, 1976 ).
According to their UV spectra (λ max at 314-330 nm) and pseudo molecular ions Table 2 ) and three compounds in fruit extracts (peaks 1, 3
and 23 in Table 3 ) were identified as cinnamoyl-quinic acids containing one or two caffeic acid, p-coumaric acid, ferulic acid moieties. Peak assignments of the different hydroxycinnamoylquinic acid isomers were made using the recommended IUPAC numbering system (IUPAC, 1976) Table 3 ).
Peak 7 in flower buds presented UV spectra similar to p-coumaroylquinic acid but eluted at a different retention time. No clear signal that could be associated to a pseudomolecular ion could be obtained, although ions at m/z 163 (possible deprotonated p-coumaric acid) and 119 (further loss of a carboxyl group) were observed at its retention time using ESI detection. Thus, this peak might be tentatively associated to a p-coumaric acid derivative.
Flavonols
In all the studied samples, quercetin derivatives (λ max around 354 nm, and an MS 2 fragment at m/z 301) were particularly abundant. Quercetin 3-O-rutinoside and quercetin 3-O-glucoside were found in flower buds (peaks 16 and 18 in Table 2 ) and fruits (peaks 19 and 20 in Table 3 ). Both were positively identified according to their retention, mass and UV-vis characteristics by comparison with commercial standards.
Other detected quercetin glycosides were peak 20 in flower buds and peak 22 in fruits, which were assigned to a quercetin acetylhexoside (pseudomolecular ion and C2-O-C7) interflavonoid linkages.
Anthocyanins
The anthocyanin profiles obtained for ripened and over ripened fruits were quite similar, consisting of five different compounds, whereas the profile in unripe fruits was simpler and only two anthocyanins were detected. The analytical characteristics, identities and concentrations are presented in Table 4 . Cyanidin 3-O-glucoside, pelargonidin 3-Oglucoside and peonidin 3-O-glucoside were positively identified by comparison with standards. The identity of cyanidin 3-O-rutinoside was also confirmed by comparison of its chromatographic and UV and mass spectral characteristics with data in our library.
Peak 4 was assigned as cyanidin pentoside based on its mass spectra, which showed an MS 2 signal at m/z 287 (cyanidin; [M-132] + , loss of a pentosyl moiety). Cyanidin-3-Oglucoside was the major anthocyanin in all the samples, and over ripened fruits were, by far, the botanical part with the highest anthocyanin concentrations, which was coherent with its higher pigmentation.
Discussion
The phenolic compounds found in plants are often related with their bioactivity, mostly resulting from the synergistic or additive influence of the different classes of compounds present in the extract (Ramful et al., 2011) . Therefore, the higher antiproliferative activity observed for flower buds extract could be related to its higher concentrations of phenolic compounds, particularly the higher amounts of quercetin derivatives and phenolic acids. human pancreatic cancer cells (Kandaswami et al., 2005) . In addition, it seems to influence the level of matrix metalloproteinases (MMPs) (Moon et al., 2003) .
Also phenolic acids, such as gallic and caffeic acid derivatives had shown antiproliferative effect toward HeLa cervix adenocarcinoma, breast cancer and leukemia cell lines (Gomes et al., 2003) . Furthermore, it was demonstrated that treatment of MCF-7 and MAD-MB-231 human breast cancer cells with caffeic acid or chlorogenic acid partially inhibited the methylation of the promoter region of the RARb gene (De, Baltas & Bedos-Belval, 2011 ).
Nevertheless, the potential synergistic effect of the different phenolic compounds present in the extracts should not be discarded. Actually, the linear correlations produced among phenolic compounds content and antiproliferative activity GI 50 values had higher correlation coefficients for grouped flavonoids than for their individual classes ( Table 5 ) for all the assayed cell lines, except HepG2.
Conclusions
The extracts obtained from C. monogyna parts revealed antiproliferative activity, higher for flower buds, which might be related with the phenolic compounds content found in these extracts. It should be highlighted that the tested samples did not show toxicity for non-tumour cells. Results are expressed as GI 50 (concentration of extract in µg/mL that cause 50% of cell growth inhibition), and show means ± SD of 3 independent experiments performed in duplicate. In each column, different letters in tumour cell lines data mean significant differences between results (p<0.05). 
